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Abstract
Objectives A new universal adhesive with corresponding lut-
ing composite was recently marketed which can be used both,
in a self-etch or in an etch-and-rinse mode. In this study, the
clinical performance of partial ceramic crowns (PCCs)
inserted with this adhesive and the corresponding luting ma-
terial used in a self-etch or selective etch approach was com-
pared with a self-adhesive universal luting material.
Material and methods Three PCCs were placed in a split-
mouth design in 50 patients. Two PCCs were luted with a
combination of a universal adhesive/resin cement
(Scotchbond Universal/RelyX Ultimate, 3M ESPE) with
(SB+E)/without (SB−E) selective enamel etching. Another
PCC was luted with a self-adhesive resin cement (RelyX
Unicem 2, 3M ESPE). Forty-eight patients were evaluated
clinically according to FDI criteria at baseline and 6, 12 and
18 months. For statistical analyses, the chi-square test
(α = 0.05) and Kaplan–Meier analysis were applied.
Results Clinically, no statistically significant differences be-
tween groups were detected over time. Within groups, clini-
cally significant increase for criterion Bmarginal staining^was
detected for SB−E over 18 months. Kaplan–Meier analysis
revealed significantly higher retention rates for SB+E

(97.8 %) and SB−E (95.6 %) in comparison to RXU2
(75.6 %).
Conclusion The 18-month clinical performance of a new uni-
versal adhesive/composite combination showed no differ-
ences with respect to bonding strategy and may be recom-
mended for luting PCCs. Longer-term evaluation is needed
to confirm superiority of SB+E over SB−E.
Clinical relevance At 18 months, the new multi-mode adhe-
sive, Scotchbond Universal, showed clinically reliable results
when used for luting PCCs.

Keywords Partial ceramic crowns .Multi-mode adhesive .

Self-adhesive resin cement . Prospective clinical study . FDI
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Introduction

In the last decade, adhesively luted silicate glass ceramic res-
torations have been recognized and scientifically accepted as a
tissue conservative, tooth-coloured and therefore aesthetically
pleasing method for the restoration of large defects in the
premolar and molar region. Satisfactory results on the clinical
performance of inlays and partial ceramic crowns for a time
period of up to 12 years have been reported [1–5]. Usually,
partial ceramic crowns (PCCs) are fabricated from silicate
glass ceramics that need to be adhesively luted to the hard
dental tissues. As a consequence, a tooth-stabilizing effect
can be reached, resulting in long-lasting restorations.
Besides the development of alternative all-ceramic materials,
adhesive luting procedures and materials remain to be in the
focus of current investigations with the intention to make ad-
hesive luting a less technique sensitive and time-consuming
procedure.
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Conventional etch-and-rinse adhesive systems in combina-
tion with a dual-curing adhesive luting material, currently
considered the golden standard for adhesive luting of all-
ceramic restorations, need an extensive pretreatment of dental
hard tissues as well as the ceramics [1]. Self-etching adhesives
in combination with dual-curing luting agents have been one
attempt to reduce technique sensitivity but still represent a
multi-step approach. In this context, marginal adaptation to
enamel was rated inferior as compared to etch-and-rinse ad-
hesives in the literature [6, 7].

In 2002, a self-adhesive resin-based material, RelyX
Unicem (RelyX Unicem, 3M ESPE, Seefeld, Germany), was
launched on the market. In the luting protocol of this self-
adhesive dual-cured resin cement, ceramics are pretreated ac-
cording to the manufacturer’s instructions (hydrofluoric
acid/silane pretreatment for silicate glass ceramics [8]). For
tooth hard tissues, no pretreatment is required. The superior
bonding capacity of these self-adhesive luting materials to
dentin has been demonstrated in several in vitro and in vivo
studies [6, 9–12]. Based upon in vitro and in vivo findings,
however, the bonding capacity of self-adhesive luting mate-
rials to enamel is inferior as compared to etch-and-rinse adhe-
sives, and a selective enamel etching approach has been ad-
vocated for [6, 11].

Despite a tendency to simplify application procedures, re-
ports in the current literature indicate that this may result in a
loss of effectiveness [7, 13, 14]. This applies especially to
applications where complex procedures, such as luting
PCCs, are involved [7]. Recently, a new universal multi-
mode one-bottle adhesive (Scotchbond Universal, 3M
ESPE, Seefeld, Germany) was launched which can either be
used within an etch-and-rinse approach or within a self-etch
approach. According to information from the manufacturer,
the acidic monomer 10-methacryloyloxydecyl dihydrogen
phosphate (10-MDP) and the polyalkenoic acid copolymer
(Vitrebond copolymer (VCP)) are supposed to support chem-
ical bonding by partial demineralization of dentin and reaction
with the remaining calcium phosphate.

For luting ceramic restorations, the adhesive is used in
combination with a dual-curing resin luting agent. Due to
the incorporation of a silane component into the adhesive,
the use of a separate ceramic primer for the pretreatment
of the ceramic surface to be bonded is not necessary ac-
cording to information from the manufacturer. Only lim-
ited clinical information is available in the current litera-
ture on the new adhesive. In vitro data on the micromor-
phology of the adhesive–tooth interface show that with
the new adhesive system, even dried dentin did not pre-
vent the formation of a hybrid layer, as opposed to a
conventional two-step etch-and-rinse system [15]. Bond
strength studies revealed that irrespective of bonding
strategy—self-etch or selective etch approach on moist
or dry dentin—all groups investigated ranked in the same

statistical subset but did not reach μTBS values achieved
with a conventional two-step etch-and-rinse adhesive
[15]. With respect to selective enamel etching, increased
bond strengths were reported for the new one-step multi-
mode adhesive and a two-step self-etching adhesive ac-
cordingly [16].

Clinically, 6-, 18- and 36-month data on the use of this
novel adhesive system for the direct restoration of class V
cavities are available, which show that the clinical reten-
tion after 18 months (five restoration lost: three self-etch,
one selective etch, one etch and rinse) achieved with the
multi-mode adhesive in self-etch and selective etch ap-
proaches as compared to an etch-and-rinse adhesive does
not depend upon the bonding strategy used [17, 18].
Variations between the bonding strategies within the clin-
ical outcomes with respect to marginal adaptation could
be detected using the Federation Dentaire Internationale
(FDI) criteria [17, 18]. No information is so far available
on the clinical performance of this adhesive when being
used for indirect restorations. Therefore, the aim of the
present prospective, randomized, controlled split-mouth
study was to evaluate the clinical performance of PCCs
inserted with this new adhesive and corresponding luting
agent that were either used in a selective etch or self-etch
approach versus a self-adhesive universal luting material.
The following aspects are investigated and evaluated 6, 12
and 18 months after placement.

1. Clinical changes over time using FDI criteria [19] for
those restorations under risk.

2. Clinical survival of the restorations for the three groups
as determined according to Kaplan–Meier survival analysis.

The null hypothesis tested was that there is no significant
difference in clinical behaviour and in the failure rate between
restorations inserted according to the three different luting
procedures.

Materials and methods

The study design of this prospective, randomized, con-
trolled split-mouth study followed the requirements
outlined in the American Dental Association (ADA)
Acceptance Program Guidelines [20] and the CONSORT
statement [21] as well as established and previously pub-
lished protocols [1, 11, 22]. The study was approved by
the Internal Review Board (IRB) of the University of
Regensburg (IRB 11-101-0065) in accordance with the
Declarations of Helsinki (1975) and Tokyo (1983) and
registered with the German Registrar for Clinical Studies
(DRKS 00003059). All patients were required to give
written informed consent prior to inclusion in the study.
The patients were recruited from the patient pool of the
Department of Operative Dentistry and Periodontology of
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the University of Regensburg. The recruitment period
covered 15 months.

Inclusion criteria were as follows:

& Patients included presented three large defects of the den-
tal hard tissues in the posterior region suitable for the
restoration with PCCs.

& Sensitivity to cold of the treated teeth had to be positive.
& Tooth mobility was lower than or equal to degree 1.
& No intolerances to the materials used were known.
& Rubber dam application for the insertion of the restora-

tions was possible.
& The patients agreed by written informed consent to partic-

ipate in the study and a recall period over 3 years.

Exclusion criteria were as follows:

& Patients suffering from dental diseases (bruxism,
periodontosis, irreversible pain)

& Oral hygiene indexes higher than 35 % (API and papilla
bleeding index (PBI))

& Intolerances to the materials used
& No alcohol and drug abuses, malign tumours, HIVand gen-

eral diseases that lead to a reduction of expectation of life
& No participation in other clinical studies

Patients were recruited from the patient pool of the
Department of Operative Dentistry and Periodontology,
University of Regensburg Dental School. Fifty patients
were included in the study and treated according to the
treatment protocol. One hundred fifty PCCs in these 50
patients were placed by students in their last year (fifth
year). During the treatment, patients were under perma-
nent supervision of an experienced dentist. The students
had received specific training regarding the fabrication of
the restorations with the CEREC system (Sirona CEREC
Software Version 4, Sirona, Bensheim, Germany) and the
three luting procedures. The preparation of the PCCs was

defect-based and followed the guidelines for the prepara-
tion of ceramic restorations as published in the current
literature [23–26]. Functional cusps were either covered
by horizontal reduction or covered by cusp coverage with
a butt joint, according to the individual demands.
Nonfunctional cusps were left uncovered if applicable.
An experienced dentist designed the cavity preparation
to each individual, supervised the preparation, checked it
clinically and finally accepted it (Fig. 1). After prepara-
tion, impression taking was performed using the materials
Silaplast/Silasoft (Detax, Ettlingen, Germany) or
Impregum (3M ESPE, Seefeld, Germany). Provisional
res tora t ions were made wi th Luxatemp (DMG,
Hamburg, Germany) and inserted with a eugenol-free ce-
ment (RelyX Temp NE, 3M ESPE).

The PCCs were designed and fabricated with the CEREC
system indirectly on stone die casts. The restorations were
milled from industrially fabricated ceramic blocks using a
silicate glass ceramic (Vita Mark II, Vita, Bad Säckingen).
After the completion and fitting on the die cast (Fig. 1), the
PCCs were tried-in in situ for accuracy and intraoral fit, using
a try-in silicone (Fit Checker, GC Corporation, Tokyo, Japan).
Marginal fit was checked with the tip of a dental probe (EXS9
with approximately 100-μm tip diameter, Hu-Friedy,
Chicago, USA). After the final clinical check, the PCCs were
adhesively inserted according to the protocols. Random allo-
cation was secured by drawing a lot and executed by the
student in presence of the supervising dentist: one tooth was
assigned to insertion of a PCCwith RelyXUnicem 2 (RXU2),
one tooth to insertion of a PCC with Scotchbond Universal
and RelyX Ultimate without selective enamel etching (SB−E)
and one tooth to insertion with Scotchbond Universal and
RelyX Ultimate with selective enamel etching (SB+E).

Before the insertion of the restorations, rubber dam was
applied and the respective teeth were cleaned with a mixture
of pumice and water, thoroughly rinsed by water spray and
lightly air-dried. The silicate ceramic surfaces were etched
with hydrofluoric acid for 60 s as advocated for by the

Fig. 1 Baseline: restorative
procedures for teeth 17 (SB−E)
and 16 (SB+E), both upper line,
and 37 (RXU2) in lower line.
PCC preparations (a), restorations
on die casts (b) and restorations
after insertion (c)
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manufacturer, rinsed with water and dried with water-free and
oil-free air. Depending upon the luting procedure used, the
following protocols were applied.

1. RelyX Unicem 2 (group RXU2)
A separate silane ceramic primer (RelyX Ceramic Primer,

3M ESPE, Seefeld Germany) was applied to the ceramic, and
after 5 s, it was dried by air. Following the placement of rubber
dam, RelyX Unicem 2 was applied to the entire cavity. The
restoration was seated firmly and stabilized under light and
constant finger pressure. Excess cement was removed after
brief light exposure of 2 s e.g. with a scaler. The cement was
polymerized from every aspect of the restoration for 20 s with
an output intensity of 1360 mW/cm2 (BluePhase C8, Ivoclar
Vivadent, Schaan, Liechtenstein).

2. Scotchbond Universal and RelyX Ultimate without se-
lective enamel etching (group SB−E)

Scotchbond Universal was applied to the ceramic and to
the internal surface of the preparation and agitated for 20 s.
Consecutively, the adhesive was dried for 5 s by air both the
tooth and the ceramic surface. Subsequently, the entire area of
the cavity walls and the cavity floor was wetted with RelyX
Ultimate. The restoration was seated and stabilized by con-
stant finger pressure while removing the cement excess with a
sponge pellet. Light curing was applied as in group RXU2.

3. Scotchbond Universal and RelyX Ultimate with selec-
tive enamel etching (group SB+E)

The adhesive (Scotchbond Universal) was applied with an
applicator to the ceramics, rubbed in for 20 s and dried for 5 s
by air. For the respective tooth assigned to SB+E, carefully
selective acid etching of the enamel for 15 s with a 37 %
phosphoric acid gel (Scotchbond Etchant), consecutive rins-
ing with water spray and careful drying 5 s were performed
prior to application of the adhesive system. The adhesive was
applied with an applicator to the entire tooth structure, rubbed
in for 20 s and dried for 5 s by air. Subsequently, the entire area
of the cavity walls and floor was wetted with RelyX Ultimate.
The restoration was seated and stabilized by constant finger
pressure while removing the cement excess with a sponge
pellet. Light curing was applied as in group RXU2.

Any excess cement and visible overhangs were removed
using a scaler. After removing the rubber dam, occlusion and
articulation were adjusted (finishing diamonds, Komet
Brasseler, Lemgo, Germany; Hanel foil, Coltène/Whaledent,
Altstätten, Switzerland). The ceramic surface and unpolished
areas were shaped and repolished with diamond devices, alu-
minium oxide-coated discs (Sof-Lex Discs, 3M ESPE,
Seefeld, Germany) and diamond polishing paste (Vita Karat
Diamantpolierpaste, Vita, Bad Säckingen, Germany; Fig. 1).

Fig. 2 Consort flowchart
indicating flow of participants
(patients) from baseline up to
18 months, indicating failures
within groups at respective time
points
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Clinical examination at baseline (BL; time = 0, investiga-
tion performed after 1–7 days after insertion) and at the fol-
lowing recalls was performed by two experienced dentists
using mirrors, magnifying eyeglasses and probes. They were
not involved in the placement of the restorations and therefore
blinded to the group assignment. For clinical evaluation, three
experienced dentists were available (VV, SW, MF) who had
undergone a preliminary calibration procedure. This proce-
dure was performed using a calibration tutorial and images
of restorations and by evaluating aged ceramic restorations
in patients clinically in order to standardize the evaluation
procedure according to FDI criteria [19] among the evaluating
dentists. Within the study, restorations were consecutively and
independently rated by two examiners during the patient visit.
In case of disagreement during the evaluations, they had to
reach a consensus before the patient was dismissed. From the
clinical criteria according to the FDI criteria [19] the following
aspects were selected and investigated:

Aesthetic properties: surface lustre, marginal staining, col-
our match and translucency and esthetical anatomical form

Functional properties: fracture of material and retention,
marginal adaptation, occlusal contour and wear, approximal

anatomical form/contact point, approximal anatomical form/
contour and patient view

Biological properties: postoperative sensitivity and tooth vi-
tality, recurrence of caries/erosion/abfraction, tooth integrity, peri-
odontal response, adjacent mucosa and oral and general health

The individual scores assigned according to the FDI criteria
[19] are summarized to rate restorations within the categories
clinically excellent/very good, clinically good, clinically
sufficient/satisfactory, clinically unsatisfactory and clinically
poor. Categories clinically excellent to clinically sufficient are
considered Bclinically acceptable^, and categories clinically
unsatisfactory and clinically poor are considered Bclinically
not acceptable^.

The PBI as described by Saxer and Mühlemann was uti-
lized to assess the patient’s oral hygiene in general. At each

Table 1 Allocation of molars and premolars to groups

RXU2 (Mat 1) SB−E (Mat 2) SB+E (Mat 3)

Premolars 13 15 14

Molars 35 33 34

Table 2 Results—clinical evaluation at baseline and 6-, 12- and 18-month recalls for criterion Bmarginal staining^
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times
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ns ns ns
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% 56 10 4 69 19 73 15 2
ns * 0.04 ns

Categories clinically very good to sufficient are considered Bclinically acceptable^, and categories clinically unsatisfactory to poor are considered
Bclinically not acceptable^

ns not significant (p > 0.05), − not applicable

*Significant (p ≤ 0.05)

a: Significant differences between materials RXU2, SB-E and SB+E at the respective recall time point

Significant differences between Baseline and the respective recall time point for each material separately
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time point of clinical evaluation, the restorations were docu-
mented by digital photography.

Every patient included in the study was recalled, irrespec-
tive whether all three restorations were in function at the re-
spective recall time point. Therefore, all patients with all res-
torations under risk were examined clinically according to FDI
criteria at each recall time point. For survival analysis, all of the
48 patients investigated at BL and all restorations that had
failed were considered. BFailures^ included restorations that
had debonded, fractures of hard tooth tissues or ceramic or
other events (endodontic treatment) that required renewal of
the restoration. Failures were at the latest recorded at the end of
a 6-month recall period or at the respective recall time point.

Statistical analysis was performed using SPSS for
Windows V (SPSS Inc., Chicago, USA). For the evaluation
of clinical changes as documented by FDI criteria, nonpara-
metric statistical analyses (Mantel–Cox test) and chi-square
tests (level of significance α = 0.05) were used to analyze
pairwise differences among the three groups and within each
luting procedure over time. In addition, the survival rate of the
three tested groups (SB+E, SB−E, RXU2) with regard to the
48 included patients was evaluated using Kaplan–Meier algo-
rithm. The statistical unit in this clinical study was the patient.

Results

The flow of the 50 participants with 150 restorations through
the different stages of the investigation from baseline (BL) to
presently 18-month recall is shown in Fig. 2. Fifty patients
were enrolled according to the inclusion criteria outlined
above and received the intended treatment. Two patients quit
participation after completion of treatment. A total of 48 pa-
tients with 144 restorations under risk were available for the
BL evaluation. The 6-month recall rate of patients was 83 %
(41 patients). At the following appointments, the recall rate
was higher, 92 % (44 patients) at 12 months and 94 % (45
patients) at 18 months.

The allocation of restorations to molars and premolars
within the three groups is outlined in Table 1. The distribution
within groups was not different. The patient’s age ranged from
22 to 75 years with a median patient age of 48 years.
Seventeen male and 33 female patients participated in the
study. The PBI indicating the quality of oral hygiene of the
patients changed from 9.5 % (range 3.8–52 %) at BL to 7 %
(range 3–13 %) at 18 months.

Clinical assessment

Marginal staining For SB−E, 47 restorations were rated clin-
ically excellent and one restoration clinically good at BL. At
the 18-month recall time point, 33 restorations were rated
clinically excellent and nine clinically good (Table 2 and

Fig. 3: increase of marginal staining from BL to 18 months).
This difference was statistically significant (p = 0.04). RXU2
and SB+E groups revealed an increase in marginal staining
over time accordingly. However, this difference was statisti-
cally not significant. No statistically significant differences
were detected between the three groups at each recall time
point.

Marginal adaptation No statistically significant differences
were observed between groups RXU2, SB−E and SB+E or
within each group separately over time (Table 3 BMarginal
adaptation^). All restorations recalled were rated clinically
acceptable at 18 months. In general, a decrease of ratings from
category clinically excellent to categories clinically good and
clinically sufficient over time was observed within each of the
group; however, these differences were statistically not
significant.

Tooth integrity For criterion tooth integrity, no statistically
significant differences were observed between the groups
RXU2, SB−E and SB+E or within each group separately over
time (Table 4 BTooth integrity^). Noticeable is an increase in
clinically sufficient ratings from BL to the 18-month recall
within all groups. With regard to the subsets of the FDI
criteria, these changes must be attributed to an increase in
hairline cracks from single cracks to multiple cracks within
the enamel, rather than to chippings or fractures of the hard
tooth tissues along the restoration margins or within the teeth.

Fracture of material and retention For this criterion, SB−E
and SB+E revealed a higher score of Bclinically acceptable

Fig. 3 Clinical evaluation: good clinical performance of PCC
restorations 47 (SB−E; left) and 46 (SB+E; right) at baseline (a) and
after 18 months (b). Increase in marginal staining along margin of tooth
47 at 18 months (blue arrowheads) as compared to tooth 46 and to
baseline (light blue arrowheads)
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ratings^ than RXU2 at all recall time points (Table 5 BFracture
of material and retention^). This difference was statistically
significant for SB+E vs. RXU2 (p = 0.02) at the 12-month
recall (clinically acceptable restorations at 12 months: RXU2
n = 34, SB−E n = 41, SB+E n = 43).

Postoperative hypersensitivity No statistically significant
differences were observed between groups RXU2, SB−E and
SB+E or within each group separately over time (Table 6
BPostoperative hypersensitivity^). Solitary recordings of post-
operative hypersensitivities were observed at BL and the 6-
month recall within all groups, which all decreased to clinically
excellent ratings at 18 months (clinically excellent restorations
18 months: RXU2 n = 34, SB−E n = 42, SB+E n = 45).

Kaplan–Meier survival analysis All of the 48 patients exam-
ined at BL were considered for survival analysis. Within the
observation period of 18 months, 14 restorations in total were
considered failures. In Fig. 2, these failures are indicated for
each time interval and group. In group RXU2, a total of 11
restorations failed within 18 months. Within the first 6 months,

three restorations debonded, one simultaneously with a fracture.
Five PCCs failed prior to the 12-month recall, four due to
debonding and one due to debonding and fracture. Three resto-
rations debonded within 18 months. Fractured restorations were
renewed. Debonded restorations were rated as failures and
reluted if applicable or replaced. Within group SB−E, one res-
toration debondedwithin the first 6months. This PCCwas rated
a failure and replaced. Another restoration luted with SB−E
debonded within 18 months and showed a fracture. This PCC
had to be renewed. One PCC of group SB+E had to be renewed
within 12 months in consequence of an endodontic treatment
due to a caries profunda treatment prior to preparation.

The survival analysis for the three groups using Kaplan–
Meier algorithm is shown in Fig. 4. The cumulative rates of
survival calculated for the three groups were 75.6 % for RXU2,
95.6 % for SB−E and 97.8 % for SB+E, respectively. The
Mantel–Cox test demonstrated statistically significant differ-
ences between the survival rates of RXU2 as compared to SB
−E (p = 0.007) and SB+E (p = 0.002). Hence, the null hypoth-
esis claiming that there is no difference in the survival rates for
the different luting procedures had to be rejected, indicating

Table 3 Results—clinical evaluation at baseline and 6-, 12- and 18-month recalls for criterion Bmarginal adaptation^
In

v
es

ti
g

a
ti

o
n

RXU2 (Mat 1) SB-E (Mat 2) SB+E (Mat 3) Significance
a

C
li

n
ic

al
ly

 v
er

y
 g

o
o

d

C
li

n
ic

al
ly

 g
o
o

d

C
li

n
ic

al
ly

 s
u

ff
ic

ie
n

t

C
li

n
ic

al
ly

 u
n

sa
ti

sf
ac

to
ry

C
li

n
ic

al
ly

 p
o
o

r

C
li

n
ic

al
ly

 v
er

y
 g

o
o

d

C
li

n
ic

al
ly

 g
o
o

d

C
li

n
ic

al
ly

 s
u

ff
ic

ie
n

t

C
li

n
ic

al
ly

 u
n

sa
ti

sf
ac

to
ry

C
li

n
ic

al
ly

 p
o
o

r

C
li

n
ic

al
ly

 v
er

y
 g

o
o

d

C
li

n
ic

al
ly

 g
o
o

d

C
li

n
ic

al
ly

 s
u

ff
ic

ie
n

t

C
li

n
ic

al
ly

 u
n

sa
ti

sf
ac

to
ry

C
li

n
ic

al
ly

 p
o
o

r

Mat  

1vs2

Mat   

1vs3

Mat 

2vs3

Mat 1 

BL vs 

Recall 

times

Mat 2 

BL vs 

Recall 

times

Mat 3 

BL vs 

Recall 

times

B
a

se
li

n
e

n 36 11 1 35 12 1 28 19 1 ns ns ns

% 75 23 2 73 25 2 58 40 2 - - -

6
 m

o
n

th
s

n 27 11 24 15 1 30 10 1 ns ns ns

% 56 23 50 31 2 63 21 2 ns ns ns

1
2

 m
o

n
th

s n 24 10 2 28 14 1 25 18 ns ns ns

% 50 21 4 58 29 2 52 38 ns ns ns

1
8

 m
o

n
th

s n 18 11 5 24 14 4 25 12 6 ns ns ns

% 38 23 10 50 29 8 52 25 13 ns ns ns

Marginal adaptation

Categories clinically very good to sufficient are considered Bclinically acceptable^, and categories clinically unsatisfactory to poor are considered
Bclinically not acceptable^

ns not significant (p > 0.05), − not applicable

*Significant (p ≤ 0.05)

a: Significant differences between materials RXU2, SB-E and SB+E at the respective recall time point

Significant differences between Baseline and the respective recall time point for each material separately
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that—within the limitations of the present study—the universal
adhesive/luting composite combination significantly improved
clinical longevity, irrespective of selective etching of enamel.

Discussion

Study design

The present study followed a prospective, randomized, con-
trolled split-mouth study design: a self-etch approach, a
selective-etch approach and a self-adhesive lutingmaterial were
tested. The study design allows for an intra-individual compar-
ison of the three luting strategies in that a modified split-mouth
design was used [27]. The groups were tested under the condi-
tions of a trained group of young operators with only short-term
experience under supervision, ruling out operator influence
[28], and within a rather inhomogeneous group of patients se-
lected from the patient pool of a public health care institution.
On the one hand, inhomogeneous patient selection and super-
vised student operators may present a risk factor in this study in

terms of the outcome of the data. On the other hand, limitations
in terms of having only one or two experienced operators [28]
and a much selected patient population, factors which have
been discussed critically in the literature before, were avoided.

The patient was regarded as the statistical unit, each patient
receiving one of each of the restorations lined out in the study
design. All patients were recalled at the different recall time
points. Within each group, all restorations under risk at the re-
spective recall time point were evaluated clinically. Additionally,
losses or failures that had occurred up to the respective recall
were recorded. Over time, this eventually resulted in variations
of the numbers of restorations that were assigned to each group.
However, it seemed important to recall all patients and all resto-
rations under risk, irrespective of the fact that one of the three
restorations was eventually lost in the course of the investigation.

FDI criteria published in 2007 [22] and adjusted in 2010 [19]
were applied for the evaluation of PCCs inserted with the dif-
ferent luting methods. All criteria in terms of aesthetic, func-
tional and biological properties were evaluated, but only those
in context with the influence of the luting material are reported.
In the literature, several investigations compared FDI criteria to

Table 4 Results—clinical evaluation at baseline and 6-, 12- and 18-month recalls for criterion Btooth integrity^
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Tooth integrity

Categories clinically very good to sufficient are considered Bclinically acceptable^, and categories clinically unsatisfactory to poor are considered
Bclinically not acceptable^

ns not significant (p > 0.05), − not applicable

*Significant (p ≤ 0.05)

a: Significant differences between materials RXU2, SB-E and SB+E at the respective recall time point

Significant differences between Baseline and the respective recall time point for each material separately
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USPHS criteria in class Vor noncarious cervical lesion (NCCL)
restorations, concluding that FDI criteria are a very sensitive
and precise way to assess restorations [17, 18, 29]. However,
reporting of the results in the literature is predominantly restrict-
ed to the main categories rather than to the individual criteria
and their subsets so far, owing to the complexity of the data.

Clinical assessment

With regard to the clinical performance of the PCCs luted ac-
cording to the three different groups, no significant differences
between groups could be observed at either recall (BL and 6, 12
and 18 months) with one exception. A significant difference in
criterion “fracture ofmaterial and retention”was observedwith-
in the RXU2 group at 12months as compared to SB+E andwas
attributed to the failure of five RXU2 restorations within the
respective recall period. For all other criteria and time periods,
the null hypothesis that no differences were expected between
the luting procedures clinically could not be rejected. This may
be attributed to the limited observation period so far. Perdigao et
al. reported that after 18 months, retention of the restorations

placed with a universal adhesive with different adhesive proce-
dures did not depend upon the bonding strategy [18]. In terms
of a self-adhesive luting material applied with or without selec-
tive enamel etching when luting PCC restorations, neither
Peumans et al. [30] nor Schenke et al. [11] reported differences
between luting protocols after an evaluation period up to
2 years. This is in line with the results of the present study
and indicates that longer observation periods may be needed
to detect differences between luting materials and procedures.

With respect to clinical changes over time, an increase in
marginal staining and marginal deterioration (criterion marginal
adaptation) was observed between the recall time points for each
of the three groups separately. These differences were statistical-
ly not significant with the exception of the criterion Bmarginal
staining^ within the SB−E group. This indicates that marginal
adaptation to enamel of the multi-mode adhesive may benefit
from selective enamel etching despite the advantages attributed
to the universal adhesive. This applies especially to the active
application technique advocated for the universal adhesive used
here [17] which per se is supposed to account for a better diffu-
sion into the tooth structure. It also applies for the chemical

Table 5 Results—clinical evaluation at baseline and 6-, 12- and 18-month recalls for criterion Bfracture of material and retention^
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Fracture of material and retention

Categories clinically very good to sufficient are considered Bclinically acceptable^, and categories clinically unsatisfactory to poor are considered
Bclinically not acceptable^

ns not significant (p > 0.05), − not applicable

*Significant (p ≤ 0.05

a: Significant differences between materials RXU2, SB-E and SB+E at the respective recall time point

Significant differences between Baseline and the respective recall time point for each material separately
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bonding capacity to the hard tooth tissues attributed to the uni-
versal adhesives containing 10-MDP.No data with respect to the
application of multi-mode adhesives in context with PCCs are
available in the literature so far. For self-adhesive luting agents,
it has been reported that an influence of selective enamel etching

was detected in tendency after an observation period of up to
3 years [11, 31], which became significant only after 6.5 years.

Postoperative hypersensitivities decreased over time in all
groups. These findings are supported by results reported in the
literature for PCC restorations under observation for the respective
recall periods and longer, irrespective of the luting strategy used
[3, 31, 32]. An increase in postoperative hypersensitivities due to
selective enamel etching was not observed despite the possibility
of dentine contaminationwith the phosphoric acid in the course of
the etching and rinsing procedure. Selective enamel etching, there-
fore, showed no adverse influence upon the clinical behaviour.

Kaplan–Meier survival analysis

The highest failure rate was registered in the RXU2 group with a
total loss of 11 restorations over time and a cumulative survival of
only 75.6 %, which is considerable as compared to SB−E
(95.6 %) and SB+E (97.8 %). Our findings are in line with the
results of a previous investigation evaluating PCCs luted with
RXU with and without selective enamel etching within a similar
setting [33]. Restorations lutedwithRXUalone revealed a 40.2%

Table 6 Results—clinical evaluation at baseline and 6-, 12- and 18-month recalls for criterion Bpostoperative hypersensitivity^
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Postoperative hypersensitivity

Categories clinically very good to sufficient are considered Bclinically acceptable^, and categories clinically unsatisfactory to poor are considered
Bclinically not acceptable^

ns not significant (p > 0.05), − not applicable

*Significant (p ≤ 0.05)

a: Significant differences between materials RXU2, SB-E and SB+E at the respective recall time point

Significant differences between Baseline and the respective recall time point for each material separately

Fig. 4 Cumulative survival of RXU2, SB−E and SB+E. Dotted lines
indicate upper, and dashed lines indicate lower confidence limits
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failure rate after 6.5 years. Restorations luted with RXU with
selective etching on the contrary failed in 17.9 % after 6.5 years.
With the low technique sensitivity and ease of use attributed to
self-adhesive resin cements in general along with the promising
findings reported in the literature for restorations luted with RXU
with or without selective enamel etching [12, 32, 33], the findings
of the present study in terms of RXU2 failure rates seem contra-
dictory. Contradicting results may be explained by the accumula-
tion of various factors associated with the use of RXU2:

The majority of RXU2 failures in the present investigation
were due to spontaneous debonding, accounting for a loss of
adhesion over time. This may be attributed to insufficient forma-
tion of a stable bond with the self-adhesive lutingmaterial within
the limitations of this study. Self-adhesive luting materials inter-
act with the smear layer and modify the smear layer. Therefore,
constant pressure when seating and curing the restoration has
been advocated for in the literature [34]. As multiple operators
made the restorations, operator influence is another factor that
may be regarded critical in this context [28]. Additionally, the
setting reaction of the self-adhesive cement is dependent upon
the presence of water. Loss of intrinsic wetness in the dentin
during the luting procedure under rubber dam may have oc-
curred, especially within the limitations of the present study.
With the universal adhesive applied within the two different
approaches, however, it is reported in the literature that its water
content may be favourable in terms of rewetting dried dentin,
especially when used with the selective etching approach [17,
35]. Even though allmaterials were applied under the same study
conditions, with the self-adhesive systemRXU2 applied without
selective enamel etching, rewetting of dentin was not possible.

Other factors, including insufficient pretreatment of the ce-
ramic or contamination of the working area, should also be
taken into account.

In group SB+E, only one PCC was considered a failure due
to endodontic treatment not related to the use of the cement
(cumulative survival 98.7 %) but due to a caries profunda treat-
ment prior to the preparation. In group SB−E (cumulative sur-
vival 95.6 %), two failures were registered. One PCC showed a
fracture attributed to insufficient ceramic thickness resulting
from occlusal adjustment performed following insertion. The
second failure was attributed to debonding represented by a loss
of adhesion between dentin and luting material, therefore indi-
cating a problem during the luting procedure (insufficient wet-
ting of the hard tooth tissues with the adhesive, contamination
of the hard tooth tissues prior to luting). The failures observed in
the present study represent solitary adverse events.

For SB+E and SB−E, so far, the survival rates reported in the
present study are in agreement with survival rates reported for
PCC restorations luted with conventional adhesive techniques
[1, 11, 22] or self-adhesive materials [30] for respective time
periods. In a clinical study comparing adhesively luted PCCs
(Excite/Variolink II/, Ivoclar Vivadent) to cast gold restorations,
one PCC (1.7 %) was lost due to adhesion failure after a 2-year

observation period. Peumans et al. reported survival rates of
93.3% (loss of two restorations, RXUwithout selective etching)
and 100% (RXUwith selective etching), respectively, for inlays/
onlays luted with a self-adhesive cement (RelyX Unicem, 3M
ESPE) after 2 years [30]. Taschner et al. compared luting ceram-
ic inlays with a self-adhesive cement (RelyX Unicem, 3M
ESPE) to luting with a conventional, multi-step adhesive inser-
tion procedure (Syntac Classic/Variolink II, Ivoclar Vivadent).
The authors lost one of the conventionally luted restorations
within 6 months due to severe enamel cracks along the enamel
margin and recorded no further losses up to 2 years [30].
Therefore, it can be concluded that the multi-mode adhesive in
combination with the corresponding luting composite shows
similar clinical performance and survival as reported for conven-
tional adhesive materials and self-adhesive materials over
18 months, irrespective of additional selective enamel etching.

Conclusions

Within the limitations of the present study, after an 18-month
observation period, the new universal adhesive system in
combination with the respective luting material showed a sta-
tistically significant higher survival rate than the self-adhesive
material, and this seems to be more advantageous for the in-
sertion of PCCs.
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